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CC FT USUALCF 1
Two Virasorog Two Virasoros
Current Algebras Current Algebras
Collinear singularities OPESingularities
Continuous Complex DiscreteHighest
HighestWeightReps Weight Reps
singlevalued Locality
Sts I g
Spacetime crossingdim supertranslation No analogElsubleading soft
symmetry Old
New

Alottounderstari



teresting developments in the last year1 indicate a rich El
ascinating structure But a coherent overarching
icture has notyetemerged so I can'tgive you one

instead I will share some tantalizing tidbits

w S
s

r

g
GavI s
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or massless particles the map between momentum
space and conformal basis amplitudes is a Mellin
ransform
ACd z dnEn I Sdw dwnw Ii Wnhnthn A p pn

LOCz OnCZnLeft
gspinh EC Its ti d denssubtletiesprong.gg mtast0h tzfI S ti d 11 pasterskiShao

2 k pk ip acompletebasis ofstates
Pis t Pok full ccFT operatorcontent

is known

C on formal basis for massive particles involves
bulk to boundarypropagator on Hz
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di Z An zn has been computed in a number of
Xamples sometimes via Ads Witten diagrams
Scalars massive massless l loop
PasterskiShaoASHuangCardonaLam

All tree level n pointYM
PasterskiShaoASCheungdelaFuenteSun

drumSchreiberVolovichZlotnik

kinematic singularities 34Apt Stare smooth

MARGINALLY CONVERGENT

An n point Stein LEFT

gtiebe.ge TaylorStringtheoryup to 4ptgauge gravity
CONVERGENT
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CONFORMALLY SOFT THEOREMf

1 conformally soft operator is one for which
DonnayPubmAs

h ti n O or lo nd

it is not energetically soft Nevertheless it has been

recentlyshown in gauge theory
Y o ACd z dnZn zn AlditisdnZn dmitriiRonFotopoulosTaylor

UsingUVconvergence usual soft thm
PateRadariesAStoappear

Expected in conformalpicture surprising
in

momentumspace picture
2,0 celestial stress tensor Tww is a further exam p
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SUPERTRANSLATIONS are more subtle For gravity
ch 5 Zztidy z if
for A O
Ch 5 Zz E

The associated operatorPz obeys
pzlz70hmcw7 z.twOne'shtt

similarOPE forQED subleadingconformally soft current
constraints on amplitudeslopEYimwichts

correlators Even global translations
nontrivial Illustration
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YM t 1 OPE from asymptotic symmetriesarama.isa
E.Yua
toapp

Otacz Otbza fab Em tea
h 2 Z Zz

Global translation invariance requires

B h hz B h hat B hi hat

Subleadingsoft symmetry requires
hi O pole

2h 3 Bch I hz 2ha 3 Bch haE
corrected at one loop
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These two recursion relations together with
h A fall off imply the OPE coefficient

B hi hz B 2h 2,2ha2 B x y THNX
Plxty

in agreement w direct Mellin transform of
of collinear singularities FanFotopoulosTaylor

in fact

Andrew



The mixed helicity gluon OPEs are

O+a,ϵ
∆1

(z1, z̄1)O
−b,ϵ
∆2

(z2, z̄2) ∼
−ifab

c

z12
ϵB(∆1 − 1,∆2 + 1)O−c,ϵ

∆1+∆2−1(z2, z̄2)

+
κ

2

z̄12
z12

δabB(∆1,∆2 + 2)G−,ϵ
∆1+∆2

(z2, z̄2),

O+a,ϵ
∆1

(z1, z̄1)O
−b,−ϵ
∆2

(z2, z̄2) ∼
−ifab

c

z12
ϵ
[
−B(∆2 + 1, 1−∆1 −∆2)O

−c,ϵ
∆1+∆2−1(z2, z̄2)

+B(∆1 − 1, 1−∆1 −∆2)O
−c,−ϵ
∆1+∆2−1(z2, z̄2)

]

+
κ

2

z̄12
z12

δab
[
B(∆2 + 2,−1−∆1 −∆2)G

−,ϵ
∆1+∆2

(z2, z̄2)

+B(∆1,−1−∆1 −∆2)G
−,−ϵ
∆1+∆2

(z2, z̄2)
]
.

(106)

The graviton OPEs are

G+,ϵ
∆1

(z1, z̄1)G
±,ϵ
∆2

(z2, z̄2) ∼ −
κ

2

z̄12
z12

B(∆1 − 1,∆2 + 1∓ 2)G±,ϵ
∆1+∆2

(z2, z̄2),

G+,ϵ
∆1

(z1, z̄1)G
±,−ϵ
∆2

(z2, z̄2) ∼
κ

2

z̄12
z12

[
B(∆2 + 1∓ 2, 1± 2−∆1 −∆2)G

±,ϵ
∆1+∆2

(z2, z̄2)

+B(∆1 − 1, 1± 2−∆1 −∆2)G
±,−ϵ
∆1+∆2

(z2, z̄2)
]
.

(107)

The gluon-graviton OPEs are

G+,ϵ
∆1

(z1, z̄1)O
±a,ϵ
∆2

(z2, z̄2) ∼ −
κ

2

z̄12
z12

B(∆1 − 1,∆2 + 1∓ 1)O±a,ϵ
∆1+∆2

(z2, z̄2),

G+,ϵ
∆1

(z1, z̄1)O
±a,−ϵ
∆2

(z2, z̄2) ∼ −
κ

2

z̄12
z12

[
B(∆2 + 1∓ 1, 1± 1−∆1 −∆2)O

±a,ϵ
∆1+∆2

(z2, z̄2)

−B(∆1 − 1, 1± 1−∆1 −∆2)O
±a,−ϵ
∆1+∆2

(z2, z̄2)
]
.

(108)

From (8), we recall a factor of gYM is absorbed in fab
c. The z̄12 → 0 celestial OPEs are

obtained in a similar way by imposing the δ symmetry instead.

The presence of higher-dimension operators due to quantum, stringy or other corrections

is expected to augment this list with the finite number of additions allowed by the general

formula (13). A list of all possible corrections in theories with only gluons and gravitons is

given in appendix B.
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What is the most general form of the
graviton 4 pt amplitude consistentwith

1Conformal invariance
2 Supertranslation invariance
3 Causality
4 Crossingsymmetry

Jp

Does it look like stringscattering

Andrew

Andrew

Andrew

Andrew

Andrew

Andrew

Andrew

Andrew

Andrew

Andrew



CONCLUSIONT

The reformulation of Minkowski

scattering as correlators on the
celestial sphere is leading to
novel insights There is much

to understand
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